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Fig. 1. Variation of tunneling rate J with U, /E,.

TEBOERE T, Tl fE s R ARt TR 2 1 B
SARIIE b O 2 g w2 kAR B A
ZE P T TAE T |g) A5 A e) AU HESh & g Y
AR fi=X (2) 1L BEE U )N (U, > E,),
JEFTE AR A RIS A AT BE 2 T BT K. 7R3l
S B, BT RIASTE e) AR, X6 I (Y AR AT )

KRN e, nz,ne, g+ ) = |g,nz,ne,q). Hi, ¢

MWmﬁ§E¥%@@%f$&ﬁ%?ﬁﬁ%k

T[)\L

BT, A0 = S~ T B HRHOE
P

K. METAIA o) BALH AN IBIRSHREAS M o, Il

BRI ) T

073701-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 71, No. 7 (2022) 073701

DZ l 9 z ‘DT l 9 zy 1ory
P - Z (lo,nz,q) Dy (loy 02y 0y 0)
Z DZ (103n27q) D'r' (ZOanZ7nTav)

NNy, U, q NzyNr,V,q

%’[n;:nz—i—loﬂﬂ‘,

2
Ot = \/ |20 4 + [ia + 4J% sin (¢/2) sin (¢/2 + q)}

BB, 2. g ~ 2(n.,q+ ¢/ #|n, q)
St 2% g T s AR RIS MR LU, 0 R
e |g) B |e) A Z [ BRAE M Fr LLAINR ) Bl 2 =dege /h
. Horhdeg AEIERIT AR FETT, e MEMEOGH 58
JERPRIE, h AT R A 6 HBNEOLIIE, neh
A, oA E TR (H —n <o <),
D (lo,n, q)F Dy (lo, nzy np, 0) R 51 A B 5l 1] FTAR
] b FR 3% 7R %% & A PR - (9,

2.2 LIGEE

TE S7Sr T S S S v 20 PRV A
Ji, 8TSt JE 9 H) E RO IR SCER g 12520 B
STSr JF 9l e 2 ) “FE R K Ol 813.42 nm [
IR TR ARORH XL 3% ELUAH B 6 IR 1 ' iy
F b e, I K O 698 nm (YR AR
28 T HIIOGIOR 1S 3P, MIIBRAT (BPEPERIT), HEAT
PRI TR O HRIN, SIC 06 AT A& 2 Fs.

B B 5 AE RS 40 B A 30000 19 ULE, B B iy
813 nm fmA% O, st PMF J5455:4 PBS 28 Mo,
—FHETEA AOM, Ji, M 1 3 A ST 8 B A

2
. t
sin? (2 Qit,:’fg) , (3)

|
H—F A VEA AOM, J5 M 2 di A3 B2s i
1 PO SR [) 5 ELAH XA A% 11 s YA B A . A6
B ST VVA, B ERAE 2 S snAs e
TR, MK B AR S BRI H 9. 698 nm £
JGH B E 7R RS 41 B2 A 400000 1) ULE, B |, Zexd
FNC J&, FIH PMF &3 AOM; h, S8J5 M 2 ¥
AS BB . (5500 AFG, B9 CH1 #3iE T
BRER I LR IO ER I, CH2 3 18 ] T P 4%
MS; HRHEAR R Y B 715 5 R 3 ) AOM Frfn i 45
A BSOSO &L T
R 7 1) ARG 2L -2 B e, AT GRIE T
A A% G 5 B R 4R 7 18 58 A — 3. FE S,
H AR R S SCR B ARV B 5 R, O T
W o BRIE, THPR S ERY R IS SOmEs, NS
A EROLR R S ST T E A, SsE
T BLJR R R E S ) B G, T R R U
POCHEI AN [ 1) J 7 J%sz B 1 AP o T %
NS WO Ry AT o, R4 N
1 mm, ZEKF A EA AR EE4E 50 pm 2,

T AT A BHRR I 5 A PR, 5 1 Fhor ik
2 [ s A AR 1l A A ) TR S A A Y T 2R s iy
% R AR RS AR AR BIFUR, (2 A% AR 1) J 74
H 2B, DO B 3O BRAT T 2 1) £ 1

{42
ULE, ! AFG,[€=7
i -1 MS, |e |8
1 1 %)
y i
=
[
[ |
H
HR !
v

GP: cCL

HR

CL3PMT . .
e ——

Lattice

ULE, 698 nm
laser

HR

r
1
1
1
1
1
\ 4
>
el
CH2 5} CH1
MSg

—-——->

< €m———

PMF HR

B

PBS
1 Dy
PMF 1
HR

HR

B 2 seEededE . Hd HR b B, CL o MiB 5, GP W 24 - ¥k Be, PBS MR 76k B2, PMF AR GCET, FNC K
AHOL MR H R S8, AOM N G H 2%, PMT AL 545, ULE MRS E 1, DAQ NEIE REF, VVA NIEE TN

%, AFG RE 5, MS AR T 5%

Fig. 2. Experimental setup. HR, high-reflection mirror; CL, convex lens; GP, Gran Taylor prism; PBS, polarization splitting prism;

PMF, polarization maintaining fiber; FNC, phase noise cancellation system; AOM, acoustic-optic modulator; PMT, photomultiplier

tube; ULE, ultra-stable optical reference cavity; DAQ, data acquisition card; VVA, voltage variable attenuator; AFG, signal source;

MS, microwave switch.
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Abstract

For a one-dimensional optical lattice clock built in the horizontal direction, when the stability and
uncertainty of the system reach the order of 10!® or more, the clock frequency shift caused by the quantum
tunneling effect becomes not negligible. In the shallow optical lattice, the quantum tunneling effect will cause
the clock transition spectrum to be significantly broadened. So, in this paper the quantum tunneling
phenomenon in the shallow optical lattice is studied, laying a foundation for the evaluation of uncertainty of
87Sr atomic optical lattice clock system. In this experiment, on the platform of one-dimensional ®Sr atomic
optical lattice clock, the narrow-linewidth 1Sy(|g))—*Py(le)) transition (that is, the clock transition) is excited
by an ultra-stable and ultra-narrow linewidth 698 nm laser, and the distribution of strontium atoms in a specific
quantum state is prepared. In the deep optical lattice, after the cold 3"Sr atoms in preparation reach a |e,n, = 1)
state, the lattice depth of the optical lattice is adiabatically reduced. Then, the carrier-sideband resolved clock
transition spectral line is detected in the shallow optical lattice. The obvious splitting of the carrier spectral line
is observed from the clock transition spectral line, which indicates that the strontium atom has an obvious
quantum tunneling phenomenon between the adjacent lattice sites of the optical lattice. In addition, when the
lattice potential lattice depth is reduced, owing to the incommensurability of lattice light wavelength (813 nm)
and clock laser wavelength (698 nm), the tunneling of atoms between adjacent lattice points will lead to spin-
orbit coupling effect. Owing to the exceptionally long lifetime (120(3) s) of °P state, it can not only suppress
the decoherence, but also reduce the atomic loss rate caused by spontaneous emission. This has a natural
advantage for studying the spin-orbit coupling of fermions. Therefore, the understanding of quantum tunneling
mechanism in optical lattice is not only conducive to improving the uncertainty of the 87Sr atomic optical lattice

clock, but also lays the foundation for observing the spin-orbit coupling effect of fermions on this platform.

Keywords: optical lattice, clock transition spectrum, quantum state, tunneling phenomenon

PACS: 37.10.Jk, 32.70.Jz, 42.50.Dv, 74.50.4r DOI: 10.7498 /aps.71.20212038

* Project supported by the National Natural Science Foundation of China (Grant Nos. 11803042, 61775220), the Youth
Innovation Promotion Association the Chinese Academy of Sciences (Grant No. 2019400), the Special Foundation for
Theoretical Physics Research Program of China (Grant No. 11647165), the China Postdoctoral Science Foundation Funded
Project (Grant No. 2020M673118).

1 Corresponding author. E-mail: tauwaang@cqu.edu.cn

1 Corresponding author. E-mail: changhong@ntsc.ac.cn

073701-8


http://doi.org/10.7498/aps.71.20212038
http://doi.org/10.7498/aps.71.20212038
mailto:tauwaang@cqu.edu.cn
mailto:tauwaang@cqu.edu.cn
mailto:changhong@ntsc.ac.cn
mailto:changhong@ntsc.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

	1 引　言
	2 实验原理及装置
	2.1 实验原理
	2.2 实验装置

	3 实验结果与分析
	3.1 钟跃迁谱线的探测
	3.2 态制备的实现
	3.3 浅光晶格中量子隧穿现象的观测

	4 结　论

